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B. Reactor vessels that do not meet the 
conditions of paragraph III.A of this appen-
dix must have their beltline materials mon-
itored by a surveillance program complying 
with ASTM E 185, as modified by this appen-
dix. 

1. The design of the surveillance program 
and the withdrawal schedule must meet the 
requirements of the edition of ASTM E 185 
that is current on the issue date of the 
ASME Code to which the reactor vessel was 
purchased. Later editions of ASTM E 185 
may be used, but including only those edi-
tions through 1982. For each capsule with-
drawal, the test procedures and reporting re-
quirements must meet the requirements of 
ASTM E 185–82 to the extent practicable for 
the configuration of the specimens in the 
capsule. 

2. Surveillance specimen capsules must be 
located near the inside vessel wall in the 
beltline region so that the specimen irradia-
tion history duplicates, to the extent prac-
ticable within the physical constraints of the 
system, the neutron spectrum, temperature 
history, and maximum neutron fluence expe-
rienced by the reactor vessel inner surface. If 
the capsule holders are attached to the ves-
sel wall or to the vessel cladding, construc-
tion and inservice inspection of the attach-
ments and attachment welds must be done 
according to the requirements for permanent 
structural attachments to reactor vessels 
given in Sections III and XI of the American 
Society of Mechanical Engineers Boiler and 
Pressure Vessel Code (ASME Code). The de-
sign and location of the capsule holders must 
permit insertion of replacement capsules. 
Accelerated irradiation capsules may be used 
in addition to the required number of sur-
veillance capsules. 

3. A proposed withdrawal schedule must be 
submitted with a technical justification as 
specified in § 50.4. The proposed schedule 
must be approved prior to implementation. 

C. Requirements for an Integrated Surveil-
lance Program. 

1. In an integrated surveillance program, 
the representative materials chosen for sur-
veillance for a reactor are irradiated in one 
or more other reactors that have similar de-
sign and operating features. Integrated sur-
veillance programs must be approved by the 
Director, Office of Nuclear Reactor Regula-
tion or the Director, Office of New Reactors, 
as appropriate, on a case-by-case basis. Cri-
teria for approval include the following: 

a. The reactor in which the materials will 
be irradiated and the reactor for which the 
materials are being irradiated must have 
sufficiently similar design and operating fea-
tures to permit accurate comparisons of the 
predicted amount of radiation damage. 

b. Each reactor must have an adequate do-
simetry program. 

c. There must be adequate arrangement for 
data sharing between plants. 

d. There must be a contingency plan to as-
sure that the surveillance program for each 
reactor will not be jeopardized by operation 
at reduced power level or by an extended 
outage of another reactor from which data 
are expected. 

e. There must be substantial advantages to 
be gained, such as reduced power outages or 
reduced personnel exposure to radiation, as a 
direct result of not requiring surveillance 
capsules in all reactors in the set. 

2. No reduction in the requirements for 
number of materials to be irradiated, speci-
men types, or number of specimens per reac-
tor is permitted. 

3. After (the effective date of this section), 
no reduction in the amount of testing is per-
mitted unless previously authorized by the 
Director, Office of Nuclear Reactor Regula-
tion or the Director, Office of New Reactors, 
as appropriate. 

IV. REPORT OF TEST RESULTS 

A. Each capsule withdrawal and the test 
results must be the subject of a summary 
technical report to be submitted, as specified 
in § 50.4, within one year of the date of cap-
sule withdrawal, unless an extension is 
granted by the Director, Office of Nuclear 
Reactor Regulation. 

B. The report must include the data re-
quired by ASTM E 185, as specified in para-
graph III.B.1 of this appendix, and the results 
of all fracture toughness tests conducted on 
the beltline materials in the irradiated and 
unirradiated conditions. 

C. If a change in the Technical Specifica-
tions is required, either in the pressure-tem-
perature limits or in the operating proce-
dures required to meet the limits, the ex-
pected date for submittal of the revised 
Technical Specifications must be provided 
with the report. 

[60 FR 65476, Dec. 19, 1995, as amended at 68 
FR 75390, Dec. 31, 2003; 73 FR 5723, Jan. 31, 
2008] 

APPENDIX I TO PART 50—NUMERICAL 
GUIDES FOR DESIGN OBJECTIVES AND 
LIMITING CONDITIONS FOR OPER-
ATION TO MEET THE CRITERION ‘‘AS 
LOW AS IS REASONABLY ACHIEV-
ABLE’’ FOR RADIOACTIVE MATERIAL 
IN LIGHT-WATER-COOLED NUCLEAR 
POWER REACTOR EFFLUENTS 

SECTION I. Introduction. Section 50.34a 
provides that an application for a construc-
tion permit shall include a description of the 
preliminary design of equipment to be in-
stalled to maintain control over radioactive 
materials in gaseous and liquid effluents pro-
duced during normal conditions, including 
expected occurrences. In the case of an appli-
cation filed on or after January 2, 1971, the 
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1 Here and elsewhere in this appendix back-
ground means radioactive materials in the 
environment and in the effluents from light- 
water-cooled power reactors not generated 
in, or attributable to, the reactors of which 
specific account is required in determining 
design objectives. 

application must also identify the design ob-
jectives, and the means to be employed, for 
keeping levels of radioactive material in 
effluents to unrestricted areas as low as 
practicable. Sections 52.47, 52.79, 52.137, and 
52.157 of this chapter provide that applica-
tions for design certification, combined li-
cense, design approval, or manufacturing li-
cense, respectively, shall include a descrip-
tion of the equipment and procedures for the 
control of gaseous and liquid effluents and 
for the maintenance and use of equipment 
installed in radioactive waste systems. 

Section 50.36a contains provisions designed 
to assure that releases of radioactive mate-
rial from nuclear power reactors to unre-
stricted areas during normal conditions, in-
cluding expected occurrences, are kept as 
low as practicable. 

SECTION II. Guides on design objectives for 
light-water-cooled nuclear power reactors li-
censed under 10 CFR part 50 or part 52 of this 
chapter. The guides on design objectives set 
forth in this section may be used by an appli-
cant for a construction permit as guidance in 
meeting the requirements of § 50.34a(a), or by 
an applicant for a combined license under 
part 52 of this chapter as guidance in meet-
ing the requirements of § 50.34a(d), or by an 
applicant for a design approval, a design cer-
tification, or a manufacturing license as 
guidance in meeting the requirements of 
§ 50.34a(e). The applicant shall provide rea-
sonable assurance that the following design 
objectives will be met. 

A. The calculated annual total quantity of 
all radioactive material above background 1 
to be released from each light-water-cooled 
nuclear power reactor to unrestricted areas 
will not result in an estimated annual dose 
or dose commitment from liquid effluents for 
any individual in an unrestricted area from 
all pathways of exposure in excess of 3 
millirems to the total body or 10 millirems 
to any organ. 

B.1. The calculated annual total quantity 
of all radioactive material above background 
to be released from each light-water-cooled 
nuclear power reactor to the atmosphere will 
not result in an estimated annual air dose 
from gaseous effluents at any location near 
ground level which could be occupied by in-
dividuals in unrestricted areas in excess of 10 
millirads for gamma radiation or 20 
millirads for beta radiation. 

2. Notwithstanding the guidance of para-
graph B.1: 

(a) The Commission may specify, as guid-
ance on design objectives, a lower quantity 
of radioactive material above background to 
be released to the atmosphere if it appears 
that the use of the design objectives in para-
graph B.1 is likely to result in an estimated 
annual external dose from gaseous effluents 
to any individual in an unrestricted area in 
excess of 5 millirems to the total body; and 

(b) Design objectives based upon a higher 
quantity of radioactive material above back-
ground to be released to the atmosphere 
than the quantity specified in paragraph B.1 
will be deemed to meet the requirements for 
keeping levels of radioactive material in gas-
eous effluents as low as is reasonably achiev-
able if the applicant provides reasonable as-
surance that the proposed higher quantity 
will not result in an estimated annual exter-
nal dose from gaseous effluents to any indi-
vidual in unrestricted areas in excess of 5 
millirems to the total body or 15 millirems 
to the skin. 

C. The calculated annual total quantity of 
all radioactive iodine and radioactive mate-
rial in particulate form above background to 
be released from each light-water-cooled nu-
clear power reactor in effluents to the at-
mosphere will not result in an estimated an-
nual dose or dose commitment from such ra-
dioactive iodine and radioactive material in 
particulate form for any individual in an un-
restricted area from all pathways of expo-
sure in excess of 15 millirems to any organ. 

D. In addition to the provisions of para-
graphs A, B, and C above, the applicant shall 
include in the radwaste system all items of 
reasonably demonstrated technology that, 
when added to the system sequentially and 
in order of diminishing cost-benefit return, 
can for a favorable cost-benefit ratio effect 
reductions in dose to the population reason-
ably expected to be within 50 miles of the re-
actor. As an interim measure and until es-
tablishment and adoption of better values 
(or other appropriate criteria), the values 
$1000 per total body man-rem and $1000 per 
man-thyroid-rem (or such lesser values as 
may be demonstrated to be suitable in a par-
ticular case) shall be used in this cost-ben-
efit analysis. The requirements of this para-
graph D need not be complied with by per-
sons who have filed applications for con-
struction permits which were docketed on or 
after January 2, 1971, and prior to June 4, 
1976, if the radwaste systems and equipment 
described in the preliminary or final safety 
analysis report and amendments thereto sat-
isfy the Guides on Design Objectives for 
Light-Water-Cooled Nuclear Power Reactors 
proposed in the Concluding Statement of Po-
sition of the Regulatory Staff in Docket-RM- 
50-2 dated February 20, 1974, pp. 25–30, repro-
duced in the annex to this appendix I. 

SECTION III. Implementation. A.1. Con-
formity with the guides on design objectives 
of Section II shall be demonstrated by 
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2 Section 50.36a(a)(2) requires the licensee 
to submit certain reports to the Commission 
with regard to the quantities of the principal 
radionuclides released to unrestricted areas. 
It also provides that, on the basis of such re-
ports and any additional information the 
Commission may obtain from the licensee 
and others, the Commission may from time 

Continued 

calculational procedures based upon models 
and data such that the actual exposure of an 
individual through appropriate pathways is 
unlikely to be substantially underestimated, 
all uncertainties being considered together. 
Account shall be taken of the cumulative ef-
fect of all sources and pathways within the 
plant contributing to the particular type of 
effluent being considered. For determination 
of design objectives in accordance with the 
guides of Section II, the estimations of expo-
sure shall be made with respect to such po-
tential land and water usage and food path-
ways as could actually exist during the term 
of plant operation: Provided, That, if the re-
quirements of paragraph B of Section III are 
fulfilled, the applicant shall be deemed to 
have complied with the requirements of 
paragraph C of Section II with respect to ra-
dioactive iodine if estimations of exposure 
are made on the basis of such food pathways 
and individual receptors as actually exist at 
the time the plant is licensed. 

2. The characteristics attributed to a hypo-
thetical receptor for the purpose of esti-
mating internal dose commitment shall take 
into account reasonable deviations of indi-
vidual habits from the average. The appli-
cant may take account of any real phe-
nomenon or factors actually affecting the es-
timate of radiation exposure, including the 
characteristics of the plant, modes of dis-
charge of radioactive materials, physical 
processes tending to attenuate the quantity 
of radioactive material to which an indi-
vidual would be exposed, and the effects of 
averaging exposures over times during which 
determining factors may fluctuate. 

B. If the applicant determines design ob-
jectives with respect to radioactive iodine on 
the basis of existing conditions and if poten-
tial changes in land and water usage and 
food pathways could result in exposures in 
excess of the guideline values of paragraph C 
of Section II, the applicant shall provide rea-
sonable assurance that a monitoring and sur-
veillance program will be performed to de-
termine: 

1. The quantities of radioactive iodine ac-
tually released to the atmosphere and depos-
ited relative to those estimated in the deter-
mination of design objectives; 

2. Whether changes in land and water 
usage and food pathways which would result 
in individual exposures greater than origi-
nally estimated have occurred; and 

3. The content of radioactive iodine and 
foods involved in the changes, if and when 
they occur. 

SECTION IV. Guides on technical specifica-
tions for limiting conditions for operation for 
light-water-cooled nuclear power reactors li-
censed under 10 CFR part 50 or part 52 of this 
chapter. The guides on limiting conditions 
for operation for light-water-cooled nuclear 
power reactors set forth below may be used 
by an applicant for an operating license 

under this part or a design certification or 
combined license under part 52 of this chap-
ter, or a licensee who has submitted a cer-
tification of permanent cessation of oper-
ations under § 50.82(a)(1) or § 52.110 of this 
chapter as guidance in developing technical 
specifications under § 50.36a(a) to keep levels 
of radioactive materials in effluents to unre-
stricted areas as low as is reasonably achiev-
able. 

Section 50.36a(b) provides that licensees 
shall be guided by certain considerations in 
establishing and implementing operating 
procedures specified in technical specifica-
tions that take into account the need for op-
erating flexibility and at the same time as-
sure that the licensee will exert his best ef-
fort to keep levels of radioactive material in 
effluents as low as is reasonably achievable. 
The guidance set forth below provides addi-
tional and more specific guidance to licens-
ees in this respect. 

Through the use of the guides set forth in 
this section it is expected that the annual re-
lease of radioactive material in effluents 
from light-water-cooled nuclear power reac-
tors can generally be maintained within the 
levels set forth as numerical guides for de-
sign objectives in Section II. 

At the same time, the licensee is permitted 
the flexibility of operations, compatible with 
considerations of health and safety, to as-
sure that the public is provided a dependable 
source of power even under unusual condi-
tions which may temporarily result in re-
leases higher than numerical guides for de-
sign objectives but still within levels that 
assure that the average population exposure 
is equivalent to small fractions of doses from 
natural background radiation. It is expected 
that in using this operational flexibility 
under unusual conditions, the licensee will 
exert his best efforts to keep levels of radio-
active material in effluents within the nu-
merical guides for design objectives. 

A. If the quantity of radioactive material 
actually released in effluents to unrestricted 
areas from a light-water-cooled nuclear 
power reactor during any calendar quarter is 
such that the resulting radiation exposure, 
calculated on the same basis as the respec-
tive design objective exposure, would exceed 
one-half the design objective annual expo-
sure derived pursuant to Sections II and III, 
the licensee shall: 2 
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to time require the license to take such ac-
tion as the Commission deems appropriate. 

1 ‘‘Background,’’ means the quantity of ra-
dioactive material in the effluent from light- 
water-cooled nuclear power reactors at a site 
that did not originate in the reactors. 

2 Such measures may include treatment of 
clear liquid waste streams (normally 
tritiated, nonaerated, low conductivity 
equipment drains and pump seal leakoff), 
dirty liquid waste streams (normally 
nontritiated, aerated, high conductivity 
building sumps, floor and sample station 
drains), steam generator blowdown streams, 
chemical waste streams, low purity and high 
purity liquid streams (resin regenerate and 
laboratory wastes), as appropriate for the 
type of reactor. 

1. Make an investigation to identify the 
causes for such release rates; 

2. Define and initiate a program of correc-
tive action; and 

3. Report these actions as specified in § 50.4, 
within 30 days from the end of the quarter 
during which the release occurred. 

B. The licensee shall establish an appro-
priate surveillance and monitoring program 
to: 

1. Provide data on quantities of radioactive 
material released in liquid and gaseous 
effluents to assure that the provisions of 
paragraph A of this section are met; 

2. Provide data on measurable levels of ra-
diation and radioactive materials in the en-
vironment to evaluate the relationship be-
tween quantities of radioactive material re-
leased in effluents and resultant radiation 
doses to individuals from principal pathways 
of exposure; and 

3. Identify changes in the use of unre-
stricted areas (e.g., for agricultural pur-
poses) to permit modifications in monitoring 
programs for evaluating doses to individuals 
from principal pathways of exposure. 

C. If the data developed in the surveillance 
and monitoring program described in para-
graph B of Section III or from other moni-
toring programs show that the relationship 
between the quantities of radioactive mate-
rial released in liquid and gaseous effluents 
and the dose to individuals in unrestricted 
areas is significantly different from that as-
sumed in the calculations used to determine 
design objectives pursuant to Sections II and 
III, the Commission may modify the quan-
tities in the technical specifications defining 
the limiting conditions in a license to oper-
ate a light-water-cooled nuclear power reac-
tor or a license whose holder has submitted 
a certification of permanent cessation of op-
erations under § 50.82(a)(1). 

SECTION V. Effective dates. A. The guides 
for limiting conditions for operation set 
forth in this appendix shall be applicable in 
any case in which an application was filed on 
or after January 2, 1971, for a construction 
permit for a light-water-cooled nuclear 
power reactor under this part, or a design 
certification, a combined license, or a manu-
facturing license for a light-water-cooled nu-
clear power reactor under part 52 of this 
chapter. 

B. For each light-water-cooled nuclear 
power reactor constructed pursuant to a per-
mit for which application was filed prior to 
January 2, 1971, the holder of the permit or 
a license, authorizing operation of the reac-
tor shall, within a period of twelve months 
from June 4, 1975, file with the Commission: 

1. Such information as is necessary to 
evaluate the means employed for keeping 

levels of radioactivity in effluents to unre-
stricted areas as low as is reasonably achiev-
able, including all such information as is re-
quired by § 50.34a (b) and (c) not already con-
tained in his application; and 

2. Plans and proposed technical specifica-
tions developed for the purpose of keeping 
releases of radioactive materials to unre-
stricted areas during normal reactor oper-
ations, including expected operational occur-
rences, as low as is reasonably achievable. 

CONCLUDING STATEMENT OF POSITION OF THE 
REGULATORY STAFF (DOCKET-RM-50-2) 

GUIDES ON DESIGN OBJECTIVES FOR LIGHT- 
WATER-COOLED NUCLEAR POWER REACTORS 

A. For radioactive material above back-
ground 1 in liquid effluents to be released to 
unrestricted areas: 

1. The calculated annual total quantity of 
all radioactive material from all light-water- 
cooled nuclear power reactors at a site 
should not result in an annual dose or dose 
commitment to the total body or to any 
organ of an individual in an unrestricted 
area from all pathways of exposure in excess 
of 5 millirems; and 

2. The calculated annual total quantity of 
radioactive material, except tritium and dis-
solved gases, should not exceed 5 curies for 
each light-water-cooled reactor at a site. 

3. Notwithstanding the guidance in para-
graph A.2, for a particular site, if an appli-
cant for a permit to construct a light-water- 
cooled nuclear power reactor has proposed 
baseline in-plant control measures 2 to re-
duce the possible sources of radioactive ma-
terial in liquid effluent releases and the cal-
culated quantity exceeds the quantity set 
forth in paragraph A.2, the requirements for 
design objectives for radioactive material in 
liquid effluents may be deemed to have been 
met provided: 
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3 Such in-plant control measures may in-
clude treatment of steam generator blow-
down tank exhaust, clean steam supplies for 
turbine gland seals, condenser vacuum sys-
tems, containment purging exhaust and ven-
tilation exhaust systems and special design 
features to reduce contaminated steam and 
liquid leakage from valves and other sources 
such as sumps and tanks, as appropriate for 
the type of reactor. 

a. The applicant submits, as specified in 
§ 50.4, an evaluation of the potential for ef-
fects from long-term buildup on the environ-
ment in the vicinity of the site of radio-
active material, with a radioactive half-life 
greater than one year, to be released; and 

b. The provisions of paragraph A.1 are met. 
B. For radioactive material above back-

ground in gaseous effluents the annual total 
quantity of radioactive material to be re-
leased to the atmosphere by all light-water- 
cooled nuclear power reactors at a site: 

1. The calculated annual air dose due to 
gamma radiation at any location near 
ground level which could be occupied by in-
dividuals at or beyond the boundary of the 
site should not exceed 10 millirads; and 

2. The calculated annual air dose due to 
beta radiation at any location near ground 
level which could be occupied by individuals 
at or beyond the boundary of the site should 
not exceed 20 millirads. 

3. Notwithstanding the guidance in para-
graphs B.1 and B.2, for a particular site: 

a. The Commission may specify, as guid-
ance on design objectives, a lower quantity 
of radioactive material above background in 
gaseous effluents to be released to the at-
mosphere if it appears that the use of the de-
sign objectives described in paragraphs B.1 
and B.2 is likely to result in an annual dose 
to an individual in an unrestricted area in 
excess of 5 millirems to the total body or 15 
millirems to the skin; or 

b. Design objectives based on a higher 
quantity of radioactive material above back-
ground in gaseous effluents to be released to 
the atmosphere than the quantity specified 
in paragraphs B.1 and B.2 may be deemed to 
meet the requirements for keeping levels of 
radioactive material in gaseous effluents as 
low as practicable if the applicant provides 
reasonable assurance that the proposed high-
er quantity will not result in annual doses to 
an individual in an unrestricted area in ex-
cess of 5 millirems to the total body or 15 
millirems to the skin. 

C. For radioactive iodine and radioactive 
material in particulate form above back-
ground released to the atmosphere: 

1. The calculated annual total quantity of 
all radioactive iodine and radioactive mate-
rial in particulate form from all light-water- 
cooled nuclear power reactors at a site 
should not result in an annual dose or dose 
commitment to any organ of an individual in 
an unrestricted area from all pathways of ex-
posure in excess of 15 millirems. In deter-
mining the dose or dose commitment the 
portion thereof due to intake of radioactive 
material via the food pathways may be eval-
uated at the locations where the food path-
ways actually exist; and 

2. The calculated annual total quantity of 
iodine-131 in gaseous effluents should not ex-
ceed 1 curie for each light-water-cooled nu-
clear power reactor at a site. 

3. Notwithstanding the guidance in para-
graphs C.1 and C.2 for a particular site, if an 
applicant for a permit to construct a light- 
water-cooled nuclear power reactor has pro-
posed baseline in-plant control measures 3 to 
reduce the possible sources of radioactive io-
dine releases, and the calculated annual 
quantities taking into account such control 
measures exceed the design objective quan-
tities set forth in paragraphs C.1 and C.2, the 
requirements for design objectives for radio-
active iodine and radioactive material in 
particulate form in gaseous effluents may be 
deemed to have been met provided the cal-
culated annual total quantity of all radio-
active iodine and radioactive material in 
particulate form that may be released in gas-
eous effluents does not exceed four times the 
quantity calculated pursuant to paragraph 
C.1. 

[40 FR 19442, May 5, 1975, as amended at 40 
FR 40818, Sept. 4, 1975; 40 FR 58847, Dec. 19, 
1975; 41 FR 16447, Apr. 19, 1976; 42 FR 20139, 
Apr. 18, 1977; 51 FR 40311, Nov. 6, 1986; 61 FR 
39303, July 29, 1996; 72 FR 49507, Aug. 28, 2007] 

APPENDIX J TO PART 50—PRIMARY RE-
ACTOR CONTAINMENT LEAKAGE TEST-
ING FOR WATER-COOLED POWER RE-
ACTORS 

This appendix includes two options, A and 
B, either of which can be chosen for meeting 
the requirements of this appendix. 

OPTION A—PRESCRIPTIVE REQUIREMENTS 

Table of Contents 

I. Introduction. 
II. Explanation of terms. 
III. Leakage test requirements. 
A. Type A test. 
B. Type B test. 
C. Type C test. 
D. Periodic retest schedule. 
IV. Special test requirements. 
A. Containment modifications. 
B. Multiple leakage-barrier containments. 
V. Inspection and reporting of tests. 
A. Containment inspection. 
B. Repordkeeping of test results. 

I. INTRODUCTION 

One of the conditions of all operating li-
censes under this part and combined licenses 
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